Caudate atrophy and impaired frontostriatal connections are linked to executive dysfunction in temporal lobe epilepsy. 
Introduction
While individuals with unilateral temporal lobe epilepsy (TLE) have a confined epileptogenic zone within the limbic network, widespread structural abnormalities exist outside this region [1] [2] [3] . Not surprisingly, in concert with the diffuse anatomical abnormalities, individuals with TLE not only have memory impairments [4] , but also deficits in executive function [5] [6] [7] . However, the anatomical underpinnings of this executive dysfunction in TLE are not fully understood. Compelling evidence suggests that disturbances in the frontostriatal network might be a candidate mechanism, as these brain regions are critical for executive functioning [8] . In functional imaging studies, tests of executive function consistently activate the prefrontal cortex and the caudate nucleus [9] . Note too that discrete lesions in the caudate nucleus can produce isolated deficits in executive function [10] [11] [12] . Although individuals with TLE have reduced caudate volume and dopamine binding [13, 14] , little data exist delineating which caudate regions are atrophied, the precise frontostriatal connections that are affected, and the relationship that these structural changes have with executive behaviors. The current study uses shape analysis, diffusion tensor imaging (DTI), and cognitive tests that target executive function to address these issues.
The first goal of the current study was to define the exact extent and location of atrophy within the caudate nucleus in individuals with left TLE. The caudate nucleus is structurally asymmetric, with larger right-sided volumes [15, 16] . Analyzing the caudate nucleus, according to the side of seizure-onset (i.e., combining left and right TLE subjects) might obscure this normal asymmetry. Therefore, we selected only patients with left TLE for this study in order to maintain normal anatomical asymmetry and to test whether the caudate atrophy is unilateral or bilateral. The study first measured global caudate volume and then used shape analysis to visualize spatial profiles of caudate atrophy in TLE. Such computational analyses localized specific caudate sub-regions in which TLE patients might have greater atrophy, compared to healthy controls. Using this approach, the study aimed to test two competing hypotheses. On one hand, if the overall caudate volume reduction seen in TLE is simply a result of diffuse brain atrophy, then the distribution of caudate atrophy should be randomly distributed throughout the entire caudate nucleus. On the other hand, if the caudate atrophy pattern reflects a disruption of specific frontostriatal circuits, then atrophy should be localized to specific regions within the caudate.
The second goal of the study was to investigate frontostriatal connections that are affected in TLE. The caudate nucleus is topographically organized into distinct functional zones based on its connections to the cortex [17] . The present study used DTI and probabilistic tractography to examine the topographic organization and the relative connection strength between the caudate nucleus and the prefrontal cortex in TLE and healthy controls [18] .
The third goal of this study was to determine the degree to which caudate atrophy is related to executive dysfunction in TLE. Prior studies have focused on hippocampal and neocortical contributions to such impairment, but a role for caudate has not been previously studied. Indeed, a number of studies [5, 6, 19] have provided convergent evidence that executive system dysfunction in TLE is related to changes in networks outside the epileptogenic temporal lobe, but the precise anatomy of such changes is unresolved. The current study tests the hypothesis that executive deficits in TLE are related to an aberrant frontostriatal network by investigating how reductions in caudate volume and decreased frontostriatal connections, as measured by DTI connectivity, are related to reduced performances on behavioral tasks that target executive function.
Methods

Subjects
We recruited 9 patients with medically intractable left TLE (age = 37.7 ± 4 years, mean ± SEM, range: 21-53; Female/Male = 5/4) and 17 healthy controls (HC, 29.8 ± 2.5 years, range: 20-51; Female/Male = 9/8) for this study, using an approved protocol from our Institutional Review Board. All subjects gave their informed consents prior to being included in this study. Entry criteria for patients included the ability to undergo an MRI, plus a diagnosis of definite or probable unilateral left TLE. The exclusion criteria included 1) evidence of extratemporal epilepsy, demonstrated either with brain MRI or EEG, 2) evidence of brain abnormalities that might confound normal brain development such as a) below average I.Q. (I.Q. < 70), b) history of hypoxic ischemic encephalopathy, c) intrauterine exposure to recreational drugs or alcohol, and 3) psychiatric history of chronic psychosis or suicidality.
The diagnosis of left TLE was confirmed in 8 patients using continuous video-EEG monitoring, demonstrating unilateral ictal temporal EEG discharges of theta frequency or higher, within 30 seconds after onset and thus were classified as definite TLE [20] . One patient did not undergo video-EEG monitoring, but had evidence of hippocampal sclerosis on an MRI with unilateral left temporal interictal epileptiform discharges on an EEG, and thus was classified as probable TLE. In 8 out of 9 patients the diagnosis of TLE was also supported by MRI evidence of mesial temporal sclerosis and/or unilateral temporal lobe hypometabolism on fluorodeoxyglucose positron emissions tomography. Patient clinical information, obtained from chart review as well as direct patient interview, is outlined in Supplemental Table. The control subjects were recruited through response to advertisements. Criteria for control subjects included 1) no neurological or psychiatric diagnoses, 2) no family member with epilepsy, 3) no history of a loss of consciousness for >5 minutes, and 4) ability to undergo MRI.
Image acquisition
MRI data was obtained with a 3-Tesla Achieva scanner (Philips Medical Systems, Best, Netherlands) using a SENSE coil. T1-weighted MP-RAGE images were acquired using the following parameters: TR = 8.4 ms TE = 3.7 ms, flip angle = 8°, 190 axial slices, 1 mm isotropic voxels, no interslice gap, SENSE factor 2.4. DTI data was obtained using an echo planar sequence with the following parameters: TR = 11194 ms, TE = 55 ms, 2 mm isotropic voxels, no interslice gap, 60 axial slices, acquisition matrix = 112 mm × 110 mm (FOV = 224 mm), 64 diffusion directions with b-value 800 s/mm 2 . Two sets DTI images were obtained in order to increase signal-to-noise ratio (SNR).
Image processing
Image processing and analysis was performed using tools from the Oxford Center for Functional MRI of the Brain (FMRIB, FSL version 4.1.5, http://www.fmrib.ox.ac.uk/fsl). T1-weighted images were initially skull-stripped using the Brain Extraction Tool (BET) [21] and each image was visually inspected for proper brain extraction. Brain extracted images were then processed using FMRIB's Automated Segmentation Tool (FAST) [22] in order to correct for spatial intensity variations and segment images into gray matter, white matter, and CSF.
Automated segmentation of the caudate nucleus was performed using FMRIB's Integrated Registration and Segmentation Tool (FIRST) [23] . FIRST is a segmentation tool that is based on a template originating from manually segmented images, with subcortical labels parameterized as surface meshes. This process first registered the T1 images to the template via 12 degrees of freedom affine transformation, and then 12 degrees of freedom registration to a standard MNI 152 template subcortical mask. This subcortical mask was then used to label and segment subcortical structures based on T1 image intensity. Image registration and subcortical segmentations were visually inspected to confirm accuracy of the results.
Diffusion weighted images were processed using FMRIB's Diffusion Toolbox (FDT v2.0) [24] . First, the two sets of DTI images were corrected for eddy current distortions and head motion artifacts by way of an affine registration to the first scan's b0 volume [25] . Then the two sets of images were averaged in order to increase SNR. FSL's BEDPOSTX program was then used to generate probability distributions of diffusion parameters at each voxel, including modeling for diffusion of crossing fibers along two directions [24] .
Diffusion weighted connectivity-based caudate parcellation was performed using probabilistic tractography initiated from the subjects' caudate mask to the five target regions in the prefrontal cortex obtained from Freesurfer (see below under cortical mask generation). In this method, 5000 streamline samples were sent out from each caudate voxel, and the number of times a sample connected to one of the five prefrontal cortex target regions was recorded. The relative strength of connection between the caudate nucleus and each of the regions in the prefrontal cortex were calculated in the following two steps. First, we threshold the connectivity results to include only voxels in the caudate in which 5% streamline samples pass through any of the target regions in the prefrontal cortex. Second, we calculated the number of projections that reached each region in the prefrontal cortex as a proportion of samples that reached all of the prefrontal cortex target regions and thus deriving a mean proportional connectivity for each brain region in the prefrontal cortex. Such calculation normalizes the strength of connection across all subjects, regardless of the size of individual's caudate or prefrontal cortex and allows one to combine proportion of connections between brain regions to reduce type 1 error (see statistical analysis below).
In order to visualize which regions of the caudate have the greatest probability of connectivity to each cortical mask, individual subject caudate masks were summed, and the voxel with highest probability of connectivity was recorded [26] . A threshold of 50% of this maximum connectivity was then applied to each group mask in order to visualize the regions of caudate with greatest likelihood of connectivity to each cortical mask.
Cortical mask generation
Cortical parcellation was carried out using the Freesurfer image analysis suite (http://surfer.nmr.mgh.harvard.edu/). Technical details have been described previously [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . Briefly, T1-weighted images were first registered to the Talairach atlas using an affine registration, bias-field corrected, and then skull-stripped. Classification of voxels as white matter was performed based on signal intensity and neighbor constraints. The cortical surface was generated for each hemisphere by first tiling the outside of the white matter, and then refined to follow the intensity gradients between white and gray matter. Segmentation of cortical regions was based on a subject-independent probabilistic atlas (generated by hand labeling a set of subjects) and subject-specific measured values. Point correspondence for all subjects was achieved by mapping these labels into Talairach space. Each point was then classified as belonging to a given label based on the probability that it belongs to each of the label classes, informed by neighboring values and the probability distribution function of the measured value.
The above process generated an atlas, providing labels for both cortical and subcortical regions. From these labels, the caudate and five regions of the prefrontal cortex ( Figure 1 ) were isolated as masks for diffusion tensor tractography, namely the ventrolateral prefrontal cortex (generated by combining pars triangularis and pars opercularis labels), the dorsolateral prefrontal cortex (generated by combining rostral and caudal middle frontal labels), the dorsomedial prefrontal cortex (generated by the superior frontal cortex label), the anterior cingulate (generated by combining rostral anterior cingulate and caudal anterior cingulate labels), and the lateral orbitofrontal cortex. The boundaries for each mask have been previously described [39] . Each subject's caudate and cortical masks were then transformed into DTI space using FMRIB's Linear Image Registration Tool (FLIRT) to be used as masks for tractography.
Neuropsychological tests
The Wisconsin Card Sorting Test (WCST) perseverative errors and Trail Making Test B (Trails B) were selected as the cognitive endpoints for the current study because of its sensitivity for evaluating executive function. The WCST is a measure of cognitive flexibility involving abstract reasoning, the ability to shift strategies and modulate impulsive responding with new environmental feedback [40] . In particular, perseverative errors are considered to indicate poor frontal lobe function. Trails B involves psychomotor speed as well as the complexity of divided attention between dual parallel sequencing processes [41] . These tests been extensively used to detect changes in executive function in TLE [6, 19, [42] [43] [44] .
2.6. Statistical analysis 2.6.1. Volumetric analysis-Following segmentation via FIRST, volumes for right and left caudate were determined for each subject. Total intracranial volume (TIV) was calculated by summing the volumes of gray matter, white matter, and CSF, as generated by FAST. In order to correct for individual differences in brain volume, proportional caudate volume to TIV ratio was also calculated (caudate volume divided by TIV and multiplied by 100). A one-way ANOVA, with age as a covariate, comparing TLE and healthy controls, was performed for the raw and normalized volumes to assess for group differences.
Shape analysis-A multivariate
Gaussian model of vertex location and intensity variation was employed to automatically generate the most probable surface mesh for the caudate of each subject. The same number and labeling of vertices was used to enable pointto-point comparisons across all subjects. Following generation of caudate surface meshes for each subject, corresponding vertex points were aligned to the mean surface of the template caudate in MNI152 space. F statistics were then carried out in order to compare shape differences between TLE and healthy controls [23, 45] .
2.6.3.
Correlations between caudate volume, connectivity and executive function-Right and left caudate volumes (corrected for TIV) were correlated with two cognitive endpoints: 1) WCST perseverative errors and 2) Trails B. Correlation analyses were performed using Spearman's rho, with Bonferroni correction for multiple comparisons (significance level set at p<0.05/2).
Statistical testing for correlations between mean proportion of connections of in each prefrontal region and the above two cognitive endpoints was performed using Spearman's rho. To reduce the number of comparisons (type 1 error), the proportion of connections from the caudate to the dorsolateral and dorsomedial prefrontal cortices were combined to form dorsal prefrontal cortex (Figure 1 ). Such anatomical parcellation of the prefrontal cortex is in line with previous DTI connectivity studies [26, 46] as well as primate connectivity studies [47] . Therefore, a total of 8 regions in the prefrontal cortex (4 from each hemisphere) were used to correct for multiple comparisons (Bonferoni corrections, p <0.05/8 = 0.006).
Results
Reduced caudate volumes in TLE subjects
To assess the degree of global caudate atrophy in TLE, the right and left total caudate volumes were analyzed. Significantly smaller left caudate volume was present in TLE, when compared to healthy controls (Figure 2a , left caudate mean reduction 11%, p=0.046). These results remained significant after correcting for total intracranial volumes (caudate volume as percent of TIV, TLE left = 0.2257 ± 0.0059, mean ± SEM, HC left = 0.3493 ± 0.0097, p=0.036). The right caudate was only trend level smaller in TLE, when compared to healthy controls (Figure 2d , mean reduction 10%, p=0.098). Post-hoc analysis revealed that in the TLE group, there was no significant difference between caudate volumes ipsilateral (i.e. left) and contralateral (i.e., right) to the side of seizure onset. A similar degree of rightward asymmetry is present in both TLE and control groups (TLE = 2.95 ± 0.73%; HC = 2.52 ± 0.54%; p=0.56). No significant correlation was found between left or right caudate volume and several epilepsy-related clinical parameters, namely, age of epilepsy onset, duration of epilepsy, and number of antiepileptic drugs.
Caudate atrophy profiles
Shape analysis revealed that for each hemisphere, caudate atrophy in TLE subjects was predominately located in specific subregions within the caudate head. Specifically, in the left caudate, there were three specific sub-regions of shrinkage: on the medial view, 1) a large region of shrinkage extended from anterodorsal to anteroventral caudate ( Figure 2b) ; on the lateral view, 2) in the anterodorsal and 3) the tail of the caudate (Figure 2c ). In the right caudate, there were two sub-regions of atrophy: on the medial view, 1) a region of atrophy was detected in the anterodorsal caudate ( Figure 2e) ; on the lateral view, 2) a region of atrophy was located in the anteroventral caudate (Figure 2f ).
Caudate connections with prefrontal cortex
In order to better interpret the selective caudate atrophy pattern found in TLE, connectivity analysis was performed between the caudate and five prefrontal sub-regions in TLE ( Figure  3 ). The resultant maps provided a probabilistic atlas of prefrontal connections to these atrophic caudate regions. The ventrolateral prefrontal cortex had a high probability of connectivity extending from central to posterior aspects of the caudate (Figure 3a,b) . Both dorsolateral and dorsomedial prefrontal cortices had strong evidence of connectivity with the anterodorsal caudate (Figure 3c-f) . The anterior cingulate and lateral orbitofrontal cortex had high probability of connection with the most anteroventral aspects of the caudate head (Figure 3g-j) . These results clearly demonstrated that the caudate nucleus is organized along a rostral/caudal and medial/lateral gradient, across these prefrontal sub-regions. Spatial comparison between the TLE-associated atrophic caudate regions and the connectivity maps revealed that the anterodorsal shrinkage (Figure 2b ,e) corresponded to caudate areas that are connected to the dorsolateral and dorsomedial prefrontal cortices, while the anteromedial regions of atrophy (Figure 2c ,f) have a high likelihood of connection to the anterior cingulate and lateral orbitofrontal cortex.
Caudate volume, frontostriatal connections and executive function relationships
Whereas the caudate nucleus and its corresponding prefrontal connections are affected by TLE, the link between structural and functional abnormalities is not fully characterized. In the current study, TLE subjects showed a trend towards making more perseverative errors (TLE = 8.77 ± 2.35; HC = 5.13 ± 0.33; p=0.06) and had a significantly longer Trails B test completion time (TLE = 63.4 ± 9.6 seconds; HC = 42.8 ± 3.9; p=0.03), when compared to controls. Significant associations were found between caudate volumes and performance on the WCST (Figure 4) . Thus, in TLE, smaller caudate volumes on the right side correlated significantly with a greater number of WCST perseverative errors (Spearman's r=−0.82, p=0.007). Similar trend level significance was found on the left side, when corrected for multiple comparisons (r=−0.67, p=0.047). No significant relationship was found between caudate volume and Trails B test completion times or sequencing errors.
Mean proportion of connectivity between the left caudate nucleus and the left dorsal prefrontal cortices was negatively correlated with Trials B making time (r = −0.88, p = 0.0016). Specially, lower left caudate to dorsal prefrontal connectivity was associated with slower Trials B test completion time ( Figure 5) . No other significant correlations were found between Trails B test and other prefrontal regions. No correlation was found between WCST perseverative errors and caudate to prefrontal connectivity. Post-hoc analysis showed no significant correlations between Trails B sequencing errors and prefrontal connectivity. No significant correlation was found between caudate to prefrontal connectivity and several clinical parameters (listed above).
Discussion
This study aimed to define the impact of impaired frontostriatal networks on executive functioning in TLE. The four major findings are as follows: 1) The total volume of the caudate is reduced predominately on the left side in TLE, the side ipsilateral to seizure onset.
2) The atrophy is discretely located in specific caudate subregions, i.e., the dorsal and ventral head of the caudate nucleus. 3) These atrophic caudate regions have corresponding high probability of connections to the dorsolateral and dorsomedial prefrontal cortices as well as anterior cingulate and orbitofrontal cortex. 4) The degree of caudate atrophy and frontostriatal connections are linked to performances on executive functioning tasks. Together, these results suggest that unilateral temporal lobe epilepsy is associated with abnormalities in specific frontal cortical-basal ganglionic circuits as well as with deficits in corresponding executive behavior.
Methodological issues
This study has several limitations. First, the sample size is small and a larger population would be needed to validate these findings. Within this small sample size, however, we acquired a complicated dataset, including multi-modality high resolution imaging (volumetric MRI and 64-direction DTI on 3 Telsa scanner) as well as tests of executive function. This dataset provided a detailed multifaceted examination of our hypotheses. Despite the small sample size, the neuroanatomical and behavior effects reached statistical significance. Second, only left TLE patients were included in the current study to evaluate if the caudate atrophy was unilateral or bilateral. Thus it is unknown if frontostriatal circuits are differentially affected in right TLE. Third, this is a cross sectional study and causality of executive dysfunction in TLE cannot be inferred from correlations between structure and function. It is also unknown if frontostriatal abnormalities found in the current study are part of a more diffuse network of structural abnormalities in TLE. In summary, we are cautious regarding the interpretation and application of our findings, given the small sample size and only inclusion of left TLE subjects. We therefore suggest that these findings should be confirmed in larger samples of right and left TLE subjects as well as age-matched controls.
In addition to examining the association between caudate volume and cognitive performance, we also correlated the strength of connection between caudate and prefrontal lobe with executive functioning. We chose connection strength instead of the more widely used fractional anisotropy as a measure of DTI connectivity for two reasons. First, connection strength might be a more accurate measurement of tract integrity than fractional anisotropy in pathways between cortical and subcortical gray matter (see Ramnani et. al. for a review [48] ). As a tract approaches a gray matter structure, there is a decrement in fractional anisotropy, leading to considerable fiber divergence. Indeed, an overall calculation of fractional anisotropy is most reliable in a well-defined large white matter tract such as the arcuate fasciculus, where the fractional anisotropy in each voxel remains relatively high throughout the pathway. In the current study, however, the frontostriatal tract is not well defined and fiber divergence might be present in regions of low fractional anisotropy, near frontal lobe and caudate. Second, using connection strength allows us to assess the relative integrity of frontostriatal connections across subjects, regardless of individual variability in the seed (caudate) and target (regions in the prefrontal lobe) area volume [46, 49, 50] . The connection strength of a particular frontostriatal pathway (i.e. caudate to dorsal prefrontal lobe) is calculated as a proportion of overall connectivity to any region of the prefrontal lobe. Using this normalized value to calculate strength of projection adjusts for seed and target volumes and thus would not bias TLE subjects with smaller caudate or prefrontal cortex. Such an approach has been employed in human and primates to map parietal cortex connection patterns [50] as well as subcortical regions to frontal [46, 49] lobe network. More recently, the strength of connection has been correlated with scores on a personality questionnaire, measuring reward dependent and novelty seeking characteristics [51] . Whereas the strength of connection between the frontal lobe and the striatum predicted reward dependent behavior, the strength of connection between the subcortical regions (amygdala and hippocampus) was associated with novelty seeking traits.
Neurobiological considerations
The first goal of this study was to determine the overall caudate volume and then map the three-dimensional caudate atrophy pattern. These two analyses provided complementary information regarding the nature of caudate degeneration in TLE. The volumetric measurement provided the global degree of caudate atrophy while shape analysis localized regional changes within the caudate nucleus [45] . The overall caudate volume reduction, predominately on the side of seizure onset, found in this study is consistent with prior reports [13, 14] . Of note, although the right caudate volume was only trend level smaller in TLE than controls, the shape analysis showed significant atrophy in subregions of the caudate. Shape analysis and other similar surface mapping techniques have been found to be more sensitive to disease specific differences, when compared to analysis of overall volume [52, 53] . Importantly, the current study revealed that such atrophy is not diffuse, but selective, mainly for the dorsal and ventral regions of the caudate head. Such regional specificity has significant cognitive consequences. Patients with strokes in the caudate head have selective difficulties with executive dysfunction, such as planning, organizing and shifting strategies [11, 12] . These behavioral disturbances are also common in TLE [5, 6] and contribute to poor quality of life and increased suicide risks [44, 54] .
The second goal of this study was to employ DTI tractography between prefrontal regions and the caudate nucleus in order to provide further understanding of the caudate atrophy profile in TLE. The atrophy in the dorsal caudate head has corresponding high probability of connections to dorsal prefrontal regions, namely the dorsomedial and dorsolateral prefrontal cortices, while ventral regions of caudate atrophy are related to mesial frontal regions, including the lateral orbitofrontal and anterior cingulate cortices. These distinct frontostriatal networks subserve complementary and non-overlapping aspects of executive function. The dorsal prefrontal circuit is critical for relating current information to stored data in working memory [55] , whereas the orbitofrontal and anterior cingulate regions are important for reward-based decision making [56] . Impairment of these coordinated frontostriatal circuits might result in disruption of information transfer and therefore may contribute to executive dysfunction in TLE.
The third goal of this study was to investigate the structural-functional link between caudate volume, frontostriatal connectivity, and executive function in TLE. Although there is converging evidence that executive dysfunction in TLE is due to structural abnormalities outside the temporal lobe, the role of the frontostriatal network has not been studied. Corcoran and Upton reported that the presence of hippocampal sclerosis was associated with poorer performance on a modified WCST [42] . However, this association has not been reproduced in subsequent studies [6, 19] . Hermann and Seidenberg found that TLE subjects who were seizure-free after epilepsy surgery had improved WCST scores [5] . Based on this result, they proposed that the epileptogenic temporal lobe disrupts distant extratemporal lobe structures that mediate executive function. Martin and colleagues found no association between temporal lobe volumes (mesial and neocortical) and performances on WCST [6] . A history of secondary generalized seizures, perhaps reflecting a more widespread epileptogenic network, was related to poorer performances on this task. From these results, they postulated that executive dysfunction in TLE involves a distributed network outside of the temporal lobes, such as the frontostriatal network. More recently, Keller and colleagues found that dorsal prefrontal cortex atrophy in TLE was related to deficits in several executive function tasks [57] , but a more widespread frontostriatal circuit was not investigated.
The current study linked caudate volume to performances on WCST. The WCST is frequently used in functional MRI studies to probe a subject's ability to shift strategies, according to positive or negative feedbacks. Interestingly, the caudate nucleus is activated only during negative feedback [55, 58] , suggesting it plays an important role in generating new responses when presented with unknown rules. Impairment in this ability might result in producing persistently incorrect answers despite negative feedback, as reflected in the increased rate of perseverative errors on the WCST, associated with caudate atrophy, observed in the current study. The current study also demonstrated that altered connectivity between caudate and dorsal prefrontal cortex is associated with impaired performances on Trails B test in TLE. It is important to note that this structural-functional relationship is selective for connectivity to the dorsal prefrontal cortex, a brain region critical for attention, working memory and executive functioning [56] . In summary, caudate atrophy and altered caudate-dorsal prefrontal connectivity in TLE might disrupt vital anatomical networks necessary for response generation and working memory during novel, complex, or conflicting situations, with consequential deficits in executive function.
Conclusions
The current study combines shape analysis, DTI, and cognitive testing to emphasize the selective nature of caudate atrophy, its corresponding frontostriatal connections, and links to executive function in TLE. This study provides an important initial characterization of frontostriatal abnormalities in TLE and new insights into the biological mechanism of executive dysfunction in this epilepsy syndrome.
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